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IWTIOmAL ADVISG€!Y C- FCIR AERONAUTICS 

The lift  and pitching+aomsnt-characteristics of two  wings  of  th9 
same plan form (aspect  ratio 3.5, taper  ratio 0.25, and leadiq+edge 
sweep angle 6 3 O )  have be& masured by the W A  wing-flow mthod in the 
Mach number range 0.52 to 1.11 and Reynolds number range 0.39 million 
to 0.81 million. One wing  had a symmetrical airfoil  section and no 
twist,  while  the  other was cambered  and  twisted  to  support a uniform 
load distribution.at a lift  coefficient  of 0.25 at a k c h  number of 1.5. 

The data are compared wfth the  results f'rom teste  of  similar m c d e l s  
in the Anes 12-foot  pressura  wind tunnel at  Reynolds  numbers of approx- 
imtely 2 million. The comparison s h m  appreciable  discrepancy  in  the 
measured  pitching-mnt  characteristics. Changes in  the model config- 
uration  and  test  procedure  were  investigated,  but no conclusive explan- 
ation  of'the  diacrepanzg  was  developed. It is concluded  that  any  attempt 
to determine the pitchi+mmnt  chqactaristics of highly 8wepGback 
wings is inadvisable  at' such small scale and at such low Reynolds nunb 
bers  with semispan models. 

As a continuation  of a general investigation of the  aerodynamic 
characteristics of a King with  the  leading  edge  swept  back 630, tests 
were  conducted by the wiwflow  mthd in  order  to  obtain data brackeL 
ing a m c h  number of 1.0. O n e  of the m o d e l s  for the wing-flow tests- had 
a aymmetrical  airfoil  and no twist,  while  the  other m o d e l  was cambered 
and  twisted to  supp0rt.a uniform  load  distribution st a lift  coefficient 
of  0.25-at a hkch  number of 1.5. The results of previous  tests of the 
symrnetrical  wing m a  presented in references 1, 2,'and 3, while the 
results  of  tests of the  cambered  and  twisted wing are  contained in refe- 
ences 4 and 5. 
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S i n c e  the pitchi-nt data showed wide diecrepaxkies when cox+ 
pared t o  data from teete  a t  higher Reynolds numbers i n  the h e  =-foot 
pressure wind tunnel,  an  attempt was =de t o  ieolate  the came of these 
discrepancies. 
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wing mea of the semispgln model, square feet 

airspeed, feet per second 

speed of sound, f ee t  per eecond 

wing span, perpendicular t o  plane of egmmetry, f ee t  

local chord, parallel t o  plane of eyrmnetry, feet 

dynamic pressure (3~) , p o d s  per  square  foot 

spanwise distance,  feet 
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distance between camber line and chord line, feet 

a angle of attack, degrees 

at angle of t w i s t ,  posit ive  for washin, degrees 

3 

CI air  viscosity, slugs per foot-second 

P mss density of air, slugs per cubic  foot 

\ 
' MODEIS 

Dinensions of the models ueed in this   invest igat ion are presented 
i n  figures 1 and 2. The  two w i n g s  were =de of s t e e l  and had ident ical  
plan forms: an  aspect r a t i o  of 3.5, a taper r a t i o  of 0.25, Etnd 630 
of l e a d i w d g e  sweepback. The u n t w i s t e d  wing was comgosed of NACA 
&A006 a i r fo i l   sec t ions  in  the streanwise  direction. The cambred and 
twisted wing had the mACA &A005 thicknsss  distribution in  combination 
with a = 1 m a n  camber lines. Dfstribution of wing twist and spanwise 
camber variation are presented i n  figure 2. 

In add i t ion   t o  the wing-alone configuration,  the  untwisted s p m t -  
r i c a l  wing was tested alternately with a chordwise fence f i t t ed  near the 
w i n g  root parallel t o  the s t r e a m  direction, and w i t h  a half-fuselage of 
circtdar  cross  section having a fineness r a t i o  of €L1/4. ~ h e e e  difi- 
cations are i l lus t ra ted  i n  figure 3. 

The majority of the data  m e  obtained by placing  the semispan 
models i n  a region of accelerated a i r  flow over a special  built-up t e s t  
s ta t ion  on an  airplane wing. The model was pounted on a three-component 
recording balance which was rotated  to  vary the angle of attack. - A 
general v i e w  of  the test station  with the nodel instal led is shown i n  
figure 4. For cer ta in  of the tests the balance was ins ta l led   in  the 
side w a l l  of the ' b s  1- by 3"1/2-foot h i m p e e d  w i n d  tunnel as illus- 
trated in figure 5. 

A detailed  description  of the wing-flow test s ta t ion  and the force- 
masuring equipment  used in th i s  investigation is presented in  reference 
6, including  discussions of the  horizontal and ver t ica l  h c h  number 
gradients, boundary-layer characteristics,.  and the three-component bal- 
ance. The r a t i o  of tes t -a ta t ion  boundary-hyer-displacemnt t h i c h e s s  
t o  model span for  the w i x - f l o w  tests m s  0.0075, laearly the 8 & m ~  as 
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the value of 0.0083 masured, i n   t he  Arne8 J2-foot pyessure wind tunnel 
during  the  teats  reported in   re fe reme .l.. The r a t i o  for the wing-flow 
model  mounted on the Bide of the Ames 1- by 3-1/2-foot  wind tunnel was 
0.0330. 

" 

. .  
t 
. " 

I- .. . - - . . . . . , . - .- -.. "." 

TESTS 

The wlng-flow data were  Yecorded i n  the form of time h h t o r i e a  OF 
an  osci l la t ion of the model from -5O t o  do angle of attack at various 
constant &ch numbers from 0.52 t o  1.11. T& correeponding Reynolds 
numbers ars presented i n  figure 6. Te8tc were conducted on the following 
configmatione: 

. .  . .  

1. Symmtrical  untwieted w i n g  
2. Cambered and twisted w i n g  
3. ~ymrnetrical  untwisted wing plus -fuselage 
4. Spmetrical  untwisted wing p l w  chordwise boundary-layer 

. .  

. .  

fence 

In addition,  the  wiwflow  balance was mounbd on the wall of the 
Ams 1- by 3"1/2--foot high4peed. wind t V l _ - ! g "  that the  top of the 
balance was flush with  the  inside of the tunnel -11. T 6  -&ch nuiibe"" 
range in   these  tas te  was 0.75 t o  0.92, w i t h  an  appr6ximte range of 
Reynolds number f  0.69 million t o  0.78 million. Tests were conducted 
on the symmetrical m-twisted ving a t  comtant Mach numbers, both by 
oscil lating  the model over the angle"of-attack range and by recorcling 
st various  fixed  angles of attack. .. . 

The precision of the  physical meaeuremnts made during these t e s t e  
has been  evaluated as describad in reference 6. The following table 
shows representative values of th3 teat data and the physical  uncertainty 
in  each, a t  the  lowest  and.hIghest  mch numbers a t  a l i f t  coefficient 
of 0.30: " .. . 

Quantity M = 0.52 - . M = 1.11 

. .. - 

. .  . 

" . 

" 

fhch number M 0.52 0.01 l.ll'f0*02 . .. "_ 

Angle of attack a, degree8 7.8 . .  M.4 . .  6.8 *o.L  
Lift   cosfficfent CL 0.3. *Q.Ol 0.3 &0.006 . .  

Pitching-moment coeff i- 

"" 

.n- - 
" 

0.003 AO. oocg 0.002 fO. 0001 
cient C, .. . . 

" . "_ . 

0.26z 
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RESUER3 AND DISCUSSION 

Basic Data . .* 
The typical  variations of angle of at tack and p i t c h i n g a m n t  ccef- 

f i c i en t  w3th lift coefficient are i l l u s t r a t ed  in figure 7 by the  basic 
test dah for the s;gmmstrical untwisted wing.  These saxe curves for a l l  
the  test  configurations were equa l l y  Linear a d  indicated no obvious 
i r regular i t ies .  

Cnmpnrison w i t h  IargerScale  Tests . 

The characterist ics of both  the  symmtrical wing alone and the 
cambered and twisted wing alone are smmrized   in   f igure  8, which shows 
the  l if t-curve slopes and the  lmationa of the aerodynamic center as a 
function of Mch number. Also i nc lded   i n   f i gu re  8 are  corresponding 
data up t o  0.95 Mach number and at a Reynolds number of approxinrttely 
2 million from tests i n  the AIWS 12-f oot  pressure wind tunnel (refer- 
ences land 4). The co1~qarI80n f o r  the symroetrical Kings is based upon' 
t e s t s  using the a m  type of model and  mounting; that is, semispan model 
on a flat  ref lect ion plate. In  the  case of the cambered and twisted 
wings the wi.nd--tunnel model was f u l l  span and s t ing  m0unted;l whereas 
the wing-flow  model again was semispan. 

The comparison in figure 8 between wing-flow and wind-tunnel resu l t s  
f o r  the  symmstrical w i n g  indicate8 fafr sgreemnt  for  the  variation of 
lfft-curve slope w i t h  W h  number up to   the  limlt of the w i n d - t w l  
tes t s .  The pitching-moment-curve S l O - 8 ,  hmever, reveal a considerable 
discrepancy. The aerodymmiceenter  location as determined from the ' 

wing-flaw t e s t s  would-be about 18 percent of the m a n  aerodynamic  chord 
forward of the  position  indicated by the wind-tunnel tes te .  The eompar- 
ison fo r  the canibered and twisted wing shows the wing-flow e e l  had a 
lower l if t-curve slope which decreased  rather  than  increassd with 
increasing &ch number.  The pitching-maznent characteristics show the 
s&lly9 sizable  differences, as i n  the case of the  symnrstrical w l n g s .  

Additioml  Tests 

- The noted discrepancies cast  serious doubt on the  validity of the 
wing-flow data on the test wings, par t icu lar ly   in  regard t o  the pitching- 
mment characteristics.*  since qu i te  satisfactory  correlation htween 

lThe st ing  mount necessitated  the  addition of a fuselage; thus these 
results are for the wing-fuselage combination. 

2 The e f f ec t s  of aeroelast ic i ty  were considered but found t o  be within 
the experimental  scatter of the measurements. 
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wing-flow data and ckta a t  higher Reynolds nimibere From the h e  12-foot 
pressure wind tunnel has been obtained in   the caBe of a wing with an 
unswept plan form (reference 6) and i n  unreported tests of a tr-nguhr 
wing, it appears that the.  discrepancy on the test wings might be a t t r i b  * 

uted t o  the extremely high sweep and/or  the lmer than  ordinary Reynolde 
nlflziber of' the t es te  which the limitations on the model size made neces- 
sary. One of the mora Ukely factors was thought t o  be a boundary-layer 
drafn spamise  along  the wing which would be likely t o  be present on the 
test w i n g s  i n  view of their-high sweepback and which would be aggravated 

- if the low Reynolds numbs of the t e s t s  caused separation (and a result- 
.i.*-,- $ ing ' l t ~ l l ~ l s l "  d o n g  wh-ich t@e .bow$arg layer .*.om the. w i ~ - f l a r  t e s t  

i t a t i on  could drain). Another possible  source of emor could have been 
the e p m i s e  velocity gradients. which existed on the wing-flow t e s t  
s ta t ion  which, if they cauered a change in  spanwise loadin@;, would, on a 
wing of such  high  weep, s haw up as  an appreciable  longitudinal shift ' 

of the  wrodymmic  center. .. In an at tempt  t o  determine which of the fore- 
Going factors might contribute t o  the - results, the supple me^+ 
tary tests outlined below were performed on the sym&trical  untwisted 
w i n g .  

To determine the effect  of the spanwise velocity gradient which 
existed a t  the wll3g"flow station, the t e a t  eetuy auplicated on the 
side wall Arne6 1- by 3-l/%f'oot high-qeed wlnd tumkl. The- 
ent i re  wing-flow bqlance was mounted on 'the outside of the tunnel, with 
the turntable fluah w i t h  the  inside of the tunzael w a l l  and the eemispan 
wing model projecting  into the .tunnel air  stream. Thie gave a test 
configurcttion which duplicated i n  a l l  essential   respects the wfng-flow . 
setup w i t h  the exceptio- that the epanwiee velocity  gradient was 
negligible &nd the r a t i o  of bounda~-~yer-displacemsnt   thichess  to 
model e p n  was considerably larger. The results e m r l z m i  in figure 9 
show negligible change. f o r   . p i t c h i n g + n m n h m  elope,  checking  the , 

w i r q + f l o w  data within  the  lneasuremnt accuracy. limitatione. The d i a c r e p  
ancg thsrefore does not  appear t o  be caused by spaGIee velocity  gradient. 

I 

While the model and balance were mounted in  the tunnel, the effect  
of osciUation of the model on the t e s t  data was a lso  determined.  Teste 
were conducted a t  constant Wch number both by continuoue  recording of . 
forces and momnte- while oscil lating  the model- ove-r the angl-f-attack . . . 

range and by recording a t  various fixed angles of attack. There was no 
observable  difference between t h e .  results of these two techniques. 

- 

To either. eliminate or-.change  any  possible  spanwise boundary-layer 
. .  .. . 

drain along the test wing, two model modifications were tested by the 
wing-flaw technique. -The first was the  additdon of a fuselage, which it 
was reasoned would place the model w i n g  root w e l l  out-of the tea t  s ta t fon 
boundary layer and thus reduce  the tendency f o r  spanwise drain. (See - 
fig.  3(b). ) 'The other  modification  teated was a boundary-layer fence . I 

placed 0.4 inch above the t e s h t a t i o n  surface where it would o b s t r w t  * 

the spanwise drain'of the boundary layer  along the span of the node1 

'L 

- 
? 
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wing. (See fig. 3(a).) Neither of these  modfficationa resulted in aTg- 
nif icant  changes i n  the pitcung-mament data (fig. 9) so  that no c~nfirm-: 
ation of the  hypothesis as t o  boundary-layer drain WBB obtained. 

. .. . 

The fact that low R e p o l d e  number alone is  not  sufficient  to  account 
for  the  doubtful p f t c h i n g a n t   r e s u l t s  is deducible from the fact that 
resu l t s  of Anvss 1- by 3-1/2-foot h i m p e e d  wind-tunnel tests  (reference 
3 )  of a f-pan .model of the symmtrical untwisted wing gave an extrem 
aft .position of the aerodynamic center  rather than an extrenvs forward 
position as i n  the wing-flow tests.  The comparison of these various 
' tests IS presented in the fol lar ing  table:  

Wing-flow IlYsthod 12-foot pressure 1- by 3-1 2-foot high- 
wind tunnel speed w i nd tunnel 

h c h  Reynolds Aerodynamic Reynolds Aerodynamic Reynolds Aerodynamic 
nuniber number ce t e r  rimer ce t e r  number center 

( %d ( 3-a, ( %F) 

0.6 

. 51x10 
0.h2KLO6 54. . 2.35X1O6 42 0. 55.KLOe 25 

-9 ' 60 2 .35x106 44 25.5 .73xlo= 6 

1.1 74 I .53X1O6 "" - .81X1o6 26 

T h a t  the  discrepamies  cannot be at t r ibuted t o  the semispan mounting 
alone is deducible from the fac t  that the 12-foot pressure wind tunnel 
has obtained good correlation on resu l t s  of semispan and fiLLspan 630 
swept wings at  a Reynolda number of the  order of 2 million. Further 
verification of the semiepan testing  technique  (at  high Reynolds nwnber) 
i s  contained in reference 7, w h e r e  a comparison is presented of the data 
obtained  from  both semispan and full-epan models of a 40° swept-back 
Wfng. 

The data  presented  in  this  report  indicate  considerable  discrepancy 
in  the  pitching-momnt  characteristics f o r  a highly  mept and tapered 
plan form a s  measured by the wing-flow mthod and by the la rgerdca le  Amee 

modifying the wing-flow mode1 configuration and technique w e r e  inconclusive. 
'E-foot pressure wind tunnel. A t t e q t s   t o  account for the  differences by 
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It is therefore  considered  undesirable t o  attempt t o  determine  the 
pitchi-nt characterist ics of highly rawepkback wings a t  euch emall 
scale aril at  such low Reynolds number in the range of &ch numbers covered 
by this investigation, Similar canclusione for both  the  pitching mmnt 
and the drag due t o  lifk characteristics have been expressed In =A RM 
AgEO9,  ,1949, resulting fram an investigation of a d e l  of a wing-body com- 
bination us- the 8&m4 plan form aril tested at a eimilar scale in the 
Arne8 1- by 3"1/2"foot high-speed wind tunnel. 

Arne6 Aeronautical  hboratory, 
k t i o n a l  Advisory Conrmlttee f o r  Aeronautica, 

Moffett Field,  Calif. 
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Figure I .- Dimensional  drowing of semispon of symmefrictrl untwisted wing showing 
&sic plan form. 
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Figure 3. - Test-station boundary~fqyer-control feme and fuselage  modification to wiginai 

wing -alone  symmetrical  wing model, 
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Figure 4.- General VLew of the .uing-flon t e s t  Station. 

Figure 5.- W i n g - f l a w  balance and m o d e l  mounted on w a l l  of b e  1- by 
3"1/2--foot high-speed wind tunnel. 
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figure 6.- Varhtion of Reynolds number with test-station Mach number for test configurofion. 

. . . . . . . 
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Figure Z - General aerodynumic  chrrrclceristics at several values of Mach 
number for the symmefrical unfwlsted wing alone. 
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t Mach  number, M 

(a) Change in /ocafion of cenfer of pressure wifh Mach  number. 

Symmefricd wingJ  wing- flow method 
"- Symmsfrica/ wing Ames /2 - fmf pressure  wind  funne/, ref: 1 

"-" Cambered  and fwisf8d wingJ whg-flow mefhod 
" - Ccrmbered  and fwisfed wingJ  Ames /P- fmf pressure  wind 

funneb ref. 4 

I3 
2 

Figure 8.- Comparison  bsfween  wing - f/ow dafa and dah from fhe Ames 12 - 
foof pressure wind  tunne/ for simi/ar  mode/s. 

Mach  number, M 
(b) Change in /iff -curve slops with Much number. 
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Wing - done ""- - Wing -done In A m k  I-'by 3% - foof hlgh -speed ' wind  funnel ~ "- Wing - fuselage com&lnofion 
"" Wing plus chordwise fence 
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Figure 9.- Summory of the effecf of vorious  modifications fo model configurothn ond 
test technique on the' liff - curve slope ond pitching - moment - curve slope. Symmefrlcaf 
~t7fwjSf8d wlng . 
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